A b s t r a c t The objective of the research was a comparative assessment of the infection levels of Nosema spp. in honey bees collected from different areas of the hive. A total of 588 honey bee colonies were sampled in spring (April-May) 2015 and 2016 through the simultaneous collection of dead worker bees from the bottom board of the hive and live bees from peripheral combs. A microscopic assay of composite samples of 60 bees was used for the detection and quantification of Nosema spp. spores. Consistent positive results of laboratory tests (detection of Nosema spp. spores in both live and dead bee samples) were achieved for 28% of colonies from surveyed group. In 36% of colonies both types of samples were Nosema-negative. Spores of Nosema spp. were detected solely in worker bees from the bottom board or exclusively in bees from nests in every 18% of sampled colonies. No differences were found between the share of colonies that had been identified as Nosema-infected on the basis of an analysis of only the live or dead bees (46% versus 46%). Laboratory examination of both types of bee samples can improve the reliability and accuracy of spore counting for the diagnosis of Nosema spp. infection in spring. The introduction of this sampling strategy in routine laboratory diagnostics can be considered as an alternative to the application of more sensitive PCR methods or sampling a higher number of live bees.
INTRODUCTION
Nosema apis (Zander, 1909) and Nosema ceranae (Fries et al., 1996) microsporidia are obligate intracellular parasites of adult honey bee midgut epithelial cells. Nosemosis, caused by either N. apis and/or N. ceranae, is one of the most widespread diseases, constitutes a serious bee health problem in temperate regions of the world (Klee et al., 2007; Fries, 2010; Pohorecka et al., 2014) . Nosema spp. infection causes pathological changes in the digestive tract as well as impairs digestion and absorption of nutrients which leads to malnutrition and premature death. This detrimental impact on honey bee colonies may lead to lower colony development and productivity, queen replacement, increased winter losses of bees and colony death (Bailey, 1981; Fries, 1993; Forsgren & Fries, 2010 ). Seasonal variation in the level of N. apis infection (nosemosis), with the peak in the spring, was also observed during the course of N. ceranae (Pickard & El-Shemy, 1989; Gisder et al., 2010; Traver, Williams & Fell, 2012) . Despite many harmful effects, the honey bee colonies infected with microsporidia from the genus Nosema show no pathognomonic symptoms, particularly when the infection level is low or medium and just developing. Therefore, laboratory tests are required for the detection of nosemosis. The World Organization for Animal Health (OIE, 2017) indicates two methods to make a correct diagnosis: microscop-The spring assessment of Nosema spp. infection ic examination and polymerase chain reaction (PCR). The qualitative PCR methods detect the Nosema genus, but only enable a diagnosis to be performed (infected versus not infected), especially at low infection levels (Mulholland et al., 2012) . On the other hand, the qualitative or quantitative microscopic procedure is cheaper, easier and commonly used in UE apiculture. The use of samples consisting of at least sixty older worker bees (foragers), taken either from the hive entrance or from peripheral combs, is recommended in this case. The pooled samples obtained in this way, can be used for spore counting in haemocytometer in order to determine average infection level. Bees can also be examined individually in order to assess the infected versus non-infected worker ratio. Some researchers have believed that this is a better way to measure the infection rate (Doull & Eckert, 1962; Pickard & El-Shemy, 1989; Higes et al., 2008) . It was also revealed that there was a high, positive correlation between the proportion of infected bees in a sample and the average number of spores in the corresponding pooled bee sample (Fries, Ekbohm, & Villumstad, 1984; Pohorecka & Muszyńska, 1996) . In routine apicultural practice, bees, which die during overwintering and then are sampled in early spring from the hive bottom boards (winter debris), are sent to certified laboratories for the Nosema infection levels to be assessed. The question arises, however, whether this method is reliable enough. Fries, Ekbohm, & Villumstad (1984) , Topolska & Hartwig (2005) , Gisder et al., (2010) compared the diagnostic suitability of the samples of dead (winter debris) and live (collected straight from the peripheral combs) bees and discovered that results differed considerably. Therefore, we decided to evaluate the spring level of the Nosema spp. infection by examining both dead (bees from winter debris) and live bee (from brood chamber) samples with the use of common routine microscopic method of counting spores. In this experiment the large number of colonies located throughout Poland was monitored for two consecutive years. We expected this approach to help us to optimize the sampling methods and to determine a more reliable spring diagnosis for further apicultural practice.
MATERIAL AND METHODS
In total, 588 honey bee colonies from 200 apiaries located in the entire territory of Poland, were monitored by veterinarians in the springs of 2015 and 2016. In order to determine the levels of Nosema spp. infection, two samples of worker bees were taken from each monitored colony. At first, the winter debris was collected by beekeepers during the period from March to the end of April and frozen for further investigations. Then, approximately one-hundred alive worker bees were collected from peripheral combs of the same colonies by veterinarians during an inspection. Most visits occurred in April and only a few in early May. During the visit, the inspectors picked up the samples of winter debris stored by beekeepers and provided both types of samples to our laboratory. After that, sixty worker bees were randomly collected from each sample to investigate the presence of the Nosema spp. spores. The routine research procedure applied at the National Veterinary Research Institute, Department of Honey Bee Diseases (the National Reference Laboratory) was used as follows. Abdomens of workers belonging to each of the 60-workersamples were dissected, pooled, and macerated in 60 ml of distilled water with the use of a mortar and pestle, creating a suspension. The suspension was filtered through four layers of thin, loosely woven, cotton fabric. Homogenous suspension obtained in this way was transferred (in the amount needed to cover one chamber grid) to a Büerker haemocytometer after thorough shaking. Spores were counted into 144 squares (0.2 x 0.2 mm) under the microscope at x 400 magnification. The final result for each sample was expressed as the spore number in 1 ml of the suspension (per bee). A single microscopic preparation was prepared and examined for each alive and dead bee sample. This method has been validated in laboratory conditions -the limit of quantification was set at 3. 16 x 10 4 spores/ml suspension with expanded uncertainty (U) equal to 0.38 in log 10 and coefficient of variation (CV) 3.75% (for low level of infection). The procedure complies with the requirements of the OIE (2017) and conforms with the recommendations of the European Union Reference Laboratory (EU RL) for Honeybee Health (ANSES, France). The comparative laboratory testing (CLT) on Nosema spore counting through microscopic examination organized by the EURL for Honeybee Health in 2017 confirmed our competence in this area (satisfactory specificity -SP and sensitivity -SE).
RESULTS
Microsporidia from genus Nosema were detected in 46% samples of alive worker bees and in the same proportion of dead-worker-bee samples. Comparing the results of microscopic examination of both sample types for each colony, we found that the compatible either Nosema-positive or Nosema-negative test results were obtained for samples collected from 28% and 36% colonies, respectively (Tab. 1). In 18% of honey bee colonies the Nosema spp. spores were found only in the winter debris and another 18% were colonies in which the microsporidia were detected only in the alive-bee samples. Therefore, when considering only one matrix, regardless of its type, the nosemosis was not detected in 18% of the colonies. The mean spore count per bee varied between alive and dead bees from the colonies with Nosemapositive samples of both types and was twice as high in dead bee samples (Tab. 1). The spore counts from alive worker bees were similar in colonies with both Nosema-positive and Nosema-negative samples of winter debris. The average level of infection with Nosema spp. was twice as low in dead bees from colonies with Nosema-negative worker bees from brood chamber compared to colonies with Nosemapositive samples of this kind.
DISCUSSION
The prevalence of Nosema species was balanced and amounted to 46% for both the dead and alive bee samples. The obtained results suggest that both types of diagnostic material may be considered as equally useful for the qualitative microscopic diagnosis of Nosema spores. The actual proportion of Nosema spp. positive colonies was 18% higher. Assessing these two sample types allowed the detection of 64% prevalence of Nosema disease. However, in previous studies in which composite samples of 60 or more alive and dead bees had been compared, opposite results were obtained (Fries, Ekbohm, & Villumstad, 1984; Topolska (-) Nosema-negative -samples without detected spores; (+) Nosema-positive -samples with detected spores.
The spring assessment of Nosema spp. infection & Hartwig, 2005) . One reason for this might be the significant differences in the number of samples tested in ours and in the remaining experiments. Fries, Ekbohm, & Villumstad (1984) examined dead and alive bees in early spring and found Nosema infection in 74% and 48% of colonies, respectively. This means that through testing of the winter debris, a significantly higher percentage of colonies infected with Nosema species were detected. However, numerous studies have shown that the examination of bees from winter debris does not give an accurate picture of the Nosema spp. infection level within alive bees originated from the same colony and that there is a lack of a correlation between average spore count per dead bee and average spore count per alive bee taken from the same colony (Fries, Ekbohm, & Villumstad, 1984; Pohorecka & Muszyńska, 1996; Higes et al., 2008) . Contrary to the study by Fries, Ekbohm & Villumstad (1984) , the higher accuracy of Nosema diagnostics carried out with alive bees was proven by Topolska & Hartwig (2005) . In their study 85% colonies were detected to be infected with Nosema spp. when the alive bees were assayed, whereas only 44% colonies appeared to be infected when the dead bees were examined. Gisder et al. (2010) drew differing conclusions when they examined both alive and dead bees (collected from the bottom boards). These authors detected and differentiated qualitative Nosema and their results did not differ between the dead and alive bee samples taken from the same colony. The accuracy of nosemosis diagnosis could be influenced by sample size, place, sampling date and time, intra-colony variation in infection levels, and laboratory diagnostic methods (Higes et al., 2008; Meana, Martín-Hernández & Higes, 2010; Botias et al., 2012; Mulholland et al., 2012; Traver, Williams, & Fell, 2012) . Particularly because of polyandry, the expression of several traits greatly varies within a bee colony, which consists of genetically and physiologically different groups of workers (Paleolog, 2009; Borsuk at al., 2011) . Studies performed on bumblebees have shown that the antagonistic relationship between Nosema bombi parasites and their hosts is strongly influenced by genotype-by-genotype interactions and that the presence of N. bombi in specific host genotypes relates to infection prevalence (Manlik, SchmidHempel, & Schmid-Hempel, 2017) . Therefore, particularly in honeybees, a reliable worker colony-sample should be numerous enough, and joint testing of samples of workers both alive from nests and dead from winter debris should be recommended. Moreover, the comparison of our results with those of Paleolog (2009 ), Borsuk at al. (2011 ), and Manlik, Schmid-Hempel & Schmid-Hempel (2017 suggests that the quantitative assessment of the colony Nosema spp. health-status should be based on samples of nest alive bees, which better reflect the inter-colony worker variability.
In the diagnostic layer, the PCR technique provides higher diagnostic sensitivity by being able to identify the immature Nosema stages (Traver, Williams, & Fell, 2012; Mulholland et al., 2012) . Unfortunately, molecular tools are still rarely used by official laboratories in routine laboratory diagnostics of nosemosis. An increase in the number of bees per sample ensures the quality of the diagnosis, but its application is cumbersome and of very low practical use.
To sum up, simultaneous examination of alive bees taken from nest and dead bees of winter debris can improve the accuracy of the microscopic detection of Nosema spp. in spring, particularly in honeybee colonies with a low level of infection. Such a procedure will be particularly important for monitoring the prevalence of nosemosis (proportion of the sampled colonies found infected). Nevertheless, we believe that the quantitative assessment of the intensity (number of spores per bee) of Nosema spp. infection in alive honey bee colonies should be based on samples of alive bees.
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